The main Spanish table olives varieties supplied by different olive Cooperatives were 2 investigated for their polyphenol compositions and the endogenous enzymes involved in 3 their transformations during two growing seasons. Olives of the Manzanilla variety had 4 the highest concentration in total polyphenols, followed by the Hojiblanca and Gordal 5 varieties. The Gordal and Manzanilla cultivar showed the highest polyphenoloxidase 6 activity. The Gordal cultivar presented a greater β-glucosidase and esterase activity than 7 the others. An important influence of pH and temperature on the optimal activity of 8 these enzymes was also observed. The polyphenoloxidase activity increased with 9 temperature and peroxidase activity was optimal at 35ºC. The β-glucosidase and 10 esterase activities were at their maximum at 30 ºC and 55 ºC respectively. The oxidase 11 and β-glucosidase activities were at their maximum at the pH of the raw fruit. These 12 results will contribute to the knowledge of the enzyme transformation of oleuropein in 13 natural table olives. 14
INTRODUCTION 18
The olive is a popular fruit in Mediterranean countries, especially the foodstuff 19 that derives from it, such as olive oil and table olives. The raw fruit is unpalatable due to 20 the presence of the bitter compound named oleuropein. This substance is formed by 21 glucose, elenolic acid and the o-diphenol hydroxytyrosol (Figure 1 ). When the fruits are 22 processed, the oleuropein is transformed by chemical or enzymatic actions to obtain a 23 non-bitter final product. 1 
24
There is an increased demand to mechanically harvest the fruit intended for table  25 olives but this technology is not applicable to some varieties due to the formation of 26 brown spots. Mechanical harvesting gives rise to a rupture of the cellular tissue that 27 releases phenolic compounds and oxidases. The oleuropein is oxidized by the action of 28 polyphenoloxidase (PPO) and peroxidase (POD) to give its quinone that polymerizes to 29 brown pigments.
2-4 Oleuropein can also be oxidized by the action of PPO in natural 30 olives under an overpressure of oxygen. 5 
31
A correlation between PPO activity and the rate of browning of a crude 32 homogenate of five Italian olive varieties has been reported, 6 and browning has also 33 been associated with the oleuropein content in the olive varieties. 7 Additionally, a 34 correlation between PPO activity and total phenol concentration during the fruit 35 maturation of Picual, Verdial, Arbequina and Frantoio varieties has been shown. 8, 9 36
Although there are some studies on the evolution of PPO activity during olive 37 maturation 7,10 there is only one report on Spanish there are other trade preparations that involve the direct brining of olives without any 42 7 substrate by measuring the changes in absorbance at 410 nm at 25 ºC for 10 min at 117 intervals of 5 s. The incubation mixture contained 0.5 mL of crude enzyme preparation 118 and 2.5 mL of 0.1 M sodium citrate buffer at pH 5 with 0.02 M of substrate. The assay 119 mixture with the denatured enzyme extract served as the control. One unit of enzyme 120 activity was defined as the amount of the enzyme giving a change in absorbance of 0.05 121 units AU/min under the above-mentioned conditions. All assays were carried out in 122 duplicate. 123
The POD activity was determined spectrophotometrically as described 124
elsewhere. 22 All measurements of POD activity were carried out with guaiacol (Sigma 125 previous studies and the fact that research was only carried out for one season. In 214 addition, the hydrolysis rate of oleuropein and its residual concentration in edible olives 215 depends on the concentration of this substance in the raw material. 216
Enzyme activity. Figure 3 shows the PPO activity in fruits of the Gordal, 217
Hojiblanca and Manzanilla varieties picked with a green-yellow color for two seasons 218 and from several Cooperatives. 219
The first finding that must be noted is the high variability found among the 220 different samples analyzed within the same variety, especially for those of the Gordal 221 variety. The standard error of the mean PPO activity of Gordal was of 1.28 and 2.61 222 U/mL enzyme extract for the two seasons studied whereas these data were recorded as 223 0.63 and 0.06 U/mL enzyme extract for the Hojiblanca variety. This variability is 224 common in nature and it has been observed for Italian olive varieties 28 and many other 225 fruits such as peaches. The phenolic composition and the PPO activity in both the pulp and the skin of 238 the Manzanilla variety were also characterized (Table 1) , which is the more prone 239 variety to bruising. The concentration of the phenolic compounds, except verbascoside, 240 was much higher in the skin than in the pulp but, in contrast, the PPO activity was much12 lower in the skin than in the pulp. This data are in agreement with those reported by 242
Chang et al., 29 who found that in five peach varieties out of nine, the PPO activity was 243 higher in the pulp than in the skin. 244
Regarding the peroxidase activity (Figure 3) , the variability of results within a 245 single variety was much higher than that of PPO activity. Particularly, 33% of 246 Hojiblanca samples did not present POD activity for the two seasons studied. In 247 contrast, 50% of Manzanilla samples had a very high POD activity, higher than 170 248 U/mL enzyme extract, but 15% of the samples had less than 20 U/mL enzyme extract. 249
The mean values reflect that the Manzanilla variety had the highest POD activity, 250 followed by Hojiblanca and Gordal. The participation of POD in the browning of olives 251 is unknown but some researchers have found a much higher concentration of this 252 enzyme in the olive seed than in the rest of the fruit. 31, 32 This has been associated with 253 phenolic oxidation of the olive paste during the malaxation step of the olive oil 254 extraction process. 255
In relation to the β-glucosidase activity, again a high variability among orchards 256 was found within the same variety for the two seasons (Figure 3) . The Gordal variety 257 showed the highest activity, followed by the Manzanilla and Hojiblanca varieties. There 258 is scarce data about endogenous β-glucosidase activity in olive varieties, and they were 259 focused mainly on Spanish, 14,17 Tunisian 18 and Italian 10 olive oil varieties. Furthermore, 260 these studies were carried out with samples from one orchard, one season and few 261 varieties, which did not find the great variability detected in this study. 262
The cleavage of the ester bond in the oleuropein molecule either chemically with 263 the use of NaOH or enzymatically by esterases gives rise to non-bitter compounds 264 (Figure 1 ). The activity of this enzyme for the three olive varieties and the two seasons 265 studied is reflected in Figure 3 respectively. 36, 37 These data agree with the result shown in Figure 4 , where an optimal 281 pH value of 6 units for POD activity is evident for all varieties. 282
It must be noted that these oxidase enzymes primarily act in olives during the 283 postharvest period when the pH of the fruit is around 5. 284
The β-glucosidase activity was at its maximum at pH 5, which is in accordance 285 with data reported by other researchers. 38, 14 In contrast, the esterase activity decreased 286 from pH 7 to 4, particularly for the Gordal variety. To our knowledge, there is no data 287 available about the influence of pH on the olive esterase but our findings mean that the 288 low pH in olives during brining is not favorable for the action of this enzyme. 289
The effect of temperature on enzyme activity is reflected in Figure 5 . It can be 290 observed that the PPO activity increased with increasing temperature up to 70 ºC for the 291 three olive varieties studied, which is in contrast to previous data that indicated a 292 maximum activity in the range of 30-50 ºC. 34, 39 We have no explanation for these 293 results. It could be thought that some non-enzymatic reactions took place during the 294 analyses at high temperature but the PPO activity was calculated with the difference in 295 absorbance originated from the enzyme extract and the denatured control. It must be 296 noted that PPO stability is high at elevated temperature 35, 39 and the analysis was carried 297 out in a few minutes. 298
The POD presented maximum activity over a temperature range of 30-40 ºC 299 which is in agreement with the range of 30-35 ºC reported by other researchers.
36,37 300
The β-glucosidase activity in the Gordal variety presented two maximum 301 activity levels at temperatures of 10 ºC and 30 ºC, the former temperature was not 302 expected, and the second is similar to previous data found for other olive varieties, Regarding the esterase activity, the behavior was similar in all varieties, reaching 306 an optimal temperature at around 50-60 ºC, particularly for the Gordal variety. This is a 307 very high temperature and not common during the processing of Spanish table olives. 308 Also, there is no information in the literature on the influence of temperature on olive 309 esterase activity. 310
In conclusion, a great variability in the phenolic content and enzyme activity of olives 311 harvested with the same degree of maturation but from different orchards was found. 312
Variety and season also had a great influence on the contents of polyphenols and 313 enzyme activity in olive fruits. The Manzanilla variety showed the highest concentration 314 in phenolic compounds, followed by Hojiblanca and Gordal with the lowest. With 315 respect to the enzyme activity, it is relevant to say that the lowest PPO activity was 316 15 found in the Hojiblanca variety which could explain why this variety is less prone to 317 bruising than the others. Therefore, the results obtained in this study could contribute to 318 the explanation of the great variability found in the quality of processed table olives. 319
Besides, the enzyme knowledge can help processors to optimize the elaboration 320 methods of table olives due to the enzymatic transformation of the bitter substance 321 oleuropein instead of the current alkaline hydrolysis. 322 
